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Description 



EH t K f ! ° n re,a,6S ,0 3 P h0, 0P0'^e^able composition. More particularly the present invention 
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[0012] The present inventors have found that a combination use system of a dye having a specific structure and a 
specific titanocene compound capable of generating active radicals upon light irradiation in the presence of the sen- 
sitizing dye exhibits very high sensitivity to the visible light rays of 400 nm or more and is excellent in storage stability. 
Based on this finding, the present invention has been accomplished. 

[001 3] More specifically, these and other objects of the present invention have been attained by a photopolymerizable 
composition comprising an addition-polymerizable compound having at least one ethylenic unsaturated double bond, 
a sensitizing dye represented by the following formula (I): 
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wherein R 1? R 2 , R 3 and R 4 are the same or different, and each represents a hydrogen atom, a halogen atom, a sub- 
stituted or unsubstituted alkyl group, a substituted or unsubstituted aryl group, a hydroxyl group, a substituted or un- 
substituted alkoxy group, or a substituted or unsubstituted amino group, or R v R 2 , R 3 or R 4 may be combined with a 
carbon atom in formula (I) to form a nonmetaliic atom ring; R 5 represents a hydrogen atom, a substituted or unsubsti- 
tuted alkyl group, a substituted or unsubstituted aryl group, a substituted or unsubstituted heteroaromatic group, a 
cyano group, a substituted or unsubstituted alkoxy group, a carboxyl group, or a substituted or unsubstituted alkenyl 
group; R 6 has the same meaning as R 5 or represents -Z-R 5 , in which Z represents a carbonyl group, a sulfonyl group, 
a sulfinyl group or an arylenedicarbonyl group, or R 5 and R 6 may be combined with each other to form a nonmetaliic 
atom ring; A represents O t S, NH, or a nitrogen atom having a substituent; and B represents a group represented by 
the following formula: 
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wherein G 1 and G 2 are the same or different, and each represents a hydrogen atom, a cyano group, a substituted or 
unsubstituted alkoxycarbonyl group, a substituted or unsubstituted aryloxycarbonyl group, a substituted or unsubsti- 
tuted acyl group, a substituted or unsubstituted arylcarbonyl group, a substituted or unsubstituted alkylthio group, a 
substituted or unsubstituted arylthio group, a substituted or unsubstituted alkylsulfonyl group, a substituted or unsub- 
stituted arylsulfonyl group, or a fluorosulfonyl group, provided that G 1 and G 2 are not a hydrogen atom at the same 
time, or and G 2 may be combined with each other to form a nonmetaliic atom group together with a carbon atom, 
and a titanocene compound selected from the group consisting of dicyclopentadienyl-Ti-dichloride, dicyclopentadienyl- 
Ti-bisphenyl, dicyclopentadienyl-Ti-bis-2 f 3 I 4 l 5 f 6-pentafluorophen-1-yl, dicyclopentadienyl-Ti-bis-2,3,5,6-tetrafluor- 
ophen-1-yl, dicyclopentadienyl-Tl-bis-2,4,6-trifluorophen-1-yl, dicyclopentadienyl-Tl-bis-2,6-difluorophen-1-yl, dicy- 
clopentadienyl-Ti-bis-2,4-difluorophen-1-yl, dimethylcyclopentadienyl-Ti-bis-2,3,4,5,6-pentafluorophen-1-yl, dimethyl- 
cyclopentadienyl-Tl-bis-2,3,5,6-tetrafluorophen-1 -yl, dimethylcyclopentadienyl-Tl-bis-24-difluorophen-1 -yl and bis(cy- 
clopentadienyl)-bis(2,6-difluoro-3-(pyr-1-yl)-phenyl)titanium or combinations thereof. 

[0014] Preferably, the photopolymerization initiation system further contains at least one compound selected from 
the group consisting of the following compounds (1) to (8): 

(1) a compound having a carbon-halogen bond; 

(2) a ketone compound represented by the following formula (II): 



3 
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(II) 



wherein R 7 and R 8 are the same or different, and each represents a hydrogen atom or a substituted or unsubstituted 
alkyl group, or H 7 and R 8 may be combined with each other to form a carbon ring with a carbon atom; and Ar 
represents an aromatic group selected from the following formulae: 




(Il-a) 



wherein R«\ R™, R n t R 12 and R i 3 are the same or different, and each represents a hydrogen atom, a halogen 
atom, a substituted or unsubstituted alkyl group, a substituted or unsubstituted alkenyl group, a substituted or 
unsubstituted aryl group, a hydroxyl group, a substituted or unsubstituted alkoxy group, an -S-R 15 group, an -SO 
R 1 * group or an -S0 2 -R15 group, provided that at least one of R 9 , R™ R 11 , R12 and R13 represents an -S-R 1 5 or 
-SO-R 15 group, in which R 15 represents a hydrogen atom, a substituted or unsubstituted alkyl group, a substituted 
or unsubstituted acyl group, a substituted or unsubstituted aryl group or a substituted or unsubstituted alkenyl 
group; L 1 represents a single bond or a substituted or unsubstituted alkylene group; R 14 represents a hydrogen 
atom, a substituted or unsubstituted alkyl group or a substituted or unsubstituted acyl group; and Y represents a 
hydrogen atom or 




(Il-b) 



wherein R 7 and R 8 have the same meanings as the above-described R 7 and R 8 ; 
(3) a ketooxime compound represented by the following formula (III): 




(III) 



wherein R 16 and R 17 are the same or different, and each represents a substituted or unsubstituted hydrocarbon 
group which may contain an unsaturated bond or a substituted or unsubstituted heterocyclic group; R 18 and R 19 
are the same or different, and each represents a hydrogen atom, a substituted or unsubstituted hydrocarbon group 
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which may contain an unsaturated bond, a substituted or unsubstituted heterocyclic group, a hydroxyl group, a 
substituted oxy group, a mercapto group or a substituted thio group; and R 20 and R 21 are the same or different, 
and each represents a hydrogen atom, a substituted or unsubstituted hydrocarbon group which may contain an 
unsaturated bond, or a substituted carbonyl group, or R 20 and R 21 may be combined with each other to form a 
ring and represent an alkylene group having from 2 to 8 carbon atoms which may contain -0-, -NR 20 -, -NR 21 -, 
-O-CO, -NH-CO-, -S- and/or -SO r in the linking main chain of the ring; 

(4) an organic peroxide; 

(5) a thio compound represented by the following formula (IV): 



R :2 -NH R 2: -N 

I l (IV) 

R 23 -OS or R 23 -C-5H 

wherein R 22 represents a substituted or unsubstituted alky! group, or a substituted or unsubstituted aryl group; 
and R 23 represents a hydrogen atom or a substituted or unsubstituted alkyl group, or R 22 and R 23 may be combined 
with each other to represent a nonmetallic atom group necessary for forming a 5-, 6- or 7-membered ring which 
may contain a hetero atom selected from an oxygen atom, a sulfur atom and a nitrogen atom; 

(6) hexaarylbiimidazole; 

(7) an aromatic onium salt; and 

(8) a ketooxime ester. 

[001 5] The photopolymerizable composition of the present invention comprises an addition-polymerizable compound 
and a photopolymerization initiation system. 

[0016] The addition-polymerizable compound (polymerizable compound having an addition-polymerizable unsatu- 
rated bond) for use in the present invention is selected from compounds having at least one, preferably two or more, 
terminal ethylenic unsaturated bond(s) (hereinafter often referred to as an "ethylenic compound - ). 
[001 7] For example, the compound has a chemical form such as a monomer, a prepolymer, namely, a dimer, a trimer 
or an oligomer, a mixture of these or a copolymer thereof. Examples of the monomer and the copolymer thereof include 
an ester of an unsaturated carboxylic acid (e.g., acrylic acid, methacrylic acid, itaconic acid, crotonic acid, isocrotonic 
acid, maleic acid) with an aliphatic polyhydric alcohol compound and an amide of an unsaturated carboxylic acid with 
an aliphatic polyamine compound. 

[0018] Specific examples of the monomer for the ester of an aliphatic polyhydric alcohol compound with an unsatu- 
rated carboxylic acid include: 

acrylic esters, such as ethylene glycol diacrylate, triethylene glycol diacrylate, 1 ,3-butandiol diacrylate, tetrameth- 
ylene glycol diacrylate, propylene glycol diacrylate, neopentyl glycol diacrylate, trimethylotpropane triacrylate, tri- 
methylolpropane tri(acryloyloxypropyl) ether, trimethylolethane triacrylate, hexanediol diacrylate, 1 ,4-cyclohexan- 
edio! diacrylate, tetraethylene glycol diacrylate, pentaerythritol diacrylate, pentaerythritol triacrylate, pentaerythritol 
tetraacrylate, dipentaerythritol diacrylate, di pentaerythritol hexaacrylate, sorbitol triacrylate, sorbitol tetraacrylate, 
sorbitol pentaacrylate, sorbitol hexaacrylate, tri(acryloyloxyethyl) isocyanurate and polyester acrylate oligomer; 
methacrylic esters, such as tetramethylene glycol dimethacrylate, triethylene glycol dimethacrylate, neopentyl gly- 
col dimethacrylate, trimethylolpropane trimeth acrylate, trimethylolethane trimeth acrylate, ethylene glycol dimeth- 
acrylate, 1 ,3-butanediol dimethacrylate, hexanediol dimethacrylate, pentaerythritol dimethacrylate, pentaerythritol 
trimethacrylate, pentaerythritol tetramethacrylate, dipentaerythritol dimethacrylate, dipentaerythritol hexamethacr- 
ylate, sorbitol trimethacrylate, sorbitol tetramethacrylate, bis[p-(3-methacryloxy-2-hydroxypropoxy)-phenyl] 
dimethylmethane and bis[p-(methacryloxyethoxy)-phenyl]dimethylmethane ; 

itaconic esters, such as ethylene glycol diitaconate, propylene glycol diitaconate, t ,3-butanediol diitaconate, 
1 ,4-butanediol diitaconate, tetramethylene glycol diitaconate, pentaerythritol diitaconate and sorbitol tetraitaco- 
nate; 

crotonic esters, such as ethylene glycol dicrotonate, tetramethylene glycol dicrotonate, pentaerythritol dicrotonate 
and sorbitol tetradicrotonate; 

isocrotonic esters, such as ethylene glycol diisocrotonate, pentaerythritol diisocrotonate and sorbitol tetraisocro- 
tonate; 

maleic esters, such as ethylene glycol dimaleate, triethylene glycol dimaleate, pentaerythritol dimaleate and sorb- 
itol tetramaleate; and 
mixtures of these ester monomers. 
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[0019] Specific examples of the monomer for the amide of an aliphatic polyamine compound with an unsaturated 
carboxylic acid include methylenebis-acrylamide, methylenebis-methacrylamide, 1 ,6-hexamethylenebis-acrylamide 
1.6-hexamethyleneb.s-methacrylamide, diethylenetriamine-trisacrylamide, xylylenebisacrylamide and xylylenebis- 
methacrylamide. ' } 

[0020] Other examples include a vinylurethane compound having two or more polymerizable vinyl groups per one 
molecule resulting from adding a vinyl monomer having a hydroxyl group represented by the following formula (A) to 
a polyisocyanate compound having two or more isocyanate groups per one molecule described in JP-B-48-41708- 



CH 2 =C(R)COOCH 2 CH(R')OH (A) 
wherein R and R' each represents H or CH 3 . 

[0021] Furthermore, polyfunction^ acrylates and methacrylates such as urethane acrylates as described in JP-A- 
51-37193, polyester acrylates as described in JP-A-48-64183, JP-B-49-431 91 and JP-B-52-30490 and epoxy acr- 
ylates result.ng from reacting an epoxy resin with a (meth)acrylic acid may be used. Also, photo-curable monomers 
and oligomers described in Nippon Secchaku Kyokai-shi (Journal of Japan Adhesion Society), vol 20 No 7 pp 
300-308 (1 984) may be used. The use amount of the compound is from 5 to 50 % by weight (hereinafter simply referred 
to as "%"). preferably from 1 0 to 40%, based on the entire components. 

[0022] Next, the photopolymerization initiation system for use in the photopolymerization composition of the present 
invenhon w.ll be described below. The photopolymerization initiation system comprises a combination of at least two 
components. The first component thereof is a sensitizing dye represented by formula (I). The sensitizing dye repre- 
sented by formula (I) will be explained below. 

[0023] In formula (I), R, to R 4 each independently represents a hydrogen atom, a halogen atom, an alkyl group a 
substituted alkyl group, an aryl group, a substituted aryl group, a hydroxyl group, an alkoxy group, a substituted alkoxy 
group, an amino group, or a substituted amino group. Also, R, to R 4 each may be combined with a carbon atom in 
formula (I) to form a nonmetallic atom ring. 

[0024] R 5 represents a hydrogen atom, an alkyl group, a substituted alkyl group, an aryl group, a substituted aryl 
group, a heteroaromatic group, a substituted heteroaromatic group, a cyano group, an alkoxy group, a substituted 
alkoxy group, a carboxyl group, an alkenyl group, or a substituted alkenyl group. Rg has the same meaning as R 5 or 
represents -Z-R 5 , in which 2 represents a carbonyl group, a sulfonyl group, a sulfinyl group, or an arylenedicarbonyl 
group, prov.ded that R 5 and R 6 are the same or different. Also, R 5 and R 6 may be combined with each other to form 
a nonmetallic atom ring. 

[0025] A represents O. S, NH, or a nitrogen atom having a substituent; B represents a group represented by =CG, 
(G 2 ), in wh.ch G, and G 2 are the same or different, and each represents a hydrogen atom, a cyano group, an alkoxy- 
carbonyl group, a substituted alkoxycarbonyl group, an aryloxycarbonyl group, a substituted aryloxycarbonyl group 
an acyl group, a substrtuted acyl group, an arylcarbonyl group, a substituted arylcarbonyl group, an alkylthio group a 
substituted alkylthio group, an arylthio group, a substituted arylthio group, an alkylsulfonyl group, a substituted alkyl- 
sulfonyl group, an arylsulfonyl group, a substituted arylsulfonyl group, or a fluorosulfonyl group, provided that G, and 
G 2 are not a hydrogen atom at the same time. Also, G, and G 2 may be combined with a carbon atom in =06,(0,) to 
form a nonmetallic ring. 1 " 

[0026] Examples of the alkyl group represented by R, to R 5 include an alkyl group having from 1 to 20 carbon atoms 
such as methyl, ethyl and t-butyl. Examples of the aryl group represented by R, to R 5 include an aryl group having 
from 6 to 10 carbon atoms such as phenyl. Examples of the alkoxy group represented by R, to R 5 include an alkoxy 
group having from 1 to 6 carbon atoms such as methoxy, ethoxy and butoxy. Examples of the substituted amino group 
represented by R, to R 4 include alkylamino and arylamino groups having from 1 to 20 carbon atoms such as methyl- 
ammo, dimethylamino, diethylamino, diphenylamino, piperidino and morpholino. 

[0027] The alkyl, aryl, alkoxy, alkylamino and arylamino groups may be substituted with at least one substituent 
Examples of the substituent include a halogen atom (e.g., fluorine, chlorine, bromine), an alkoxycarbonyl group (e g 
ethoxycarbonyl), an alkoxy group (e.g., methoxy, ethoxy), an aryl group (e.g., phenyl), and a cyano group. 
[0028] If R, to R 4 are combined with a carbon atom to form a nonmetallic ring, examples of the sensitizing dye 
represented by formula (I) containing the nonmetallic ring include structures represented by the followinq formulae (A) 
(B)and(C): 
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(C) 



[0029] Examples of the alkenyl group represented by R 5 include an alkenyl group having from 2 to 10 carbon atoms 
such as styryl. Examples of the heteroaromatic group represented by R 5 include groups represented by the following 
formulae (D) to (H): 



H 
N 
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[0031] If A is a nitrogen atom having a substituent, examples of the substituent include those defined with regard to 
R 1 to R 5 (e.g., alkyl, aryl). 

[0032] B represents a group represented by =CG, (G 2 ), in which G t and G 2 are the same or different, and preferably 
each represents a hydrogen atom, a cyano group, an alkoxycarbonyl group having an alkyl group having from 1 to 10 
carbon atoms (e.g., ethoxycarbonyl), an aryloxycarbonyl group having an aryl group having from 6 to 10 carbon atom 
(e.g., phenoxycarbonyl), an acyl group having from 1 to 6 carbon atoms (e.g., acetyl, propionyl), an arylcarbonyl group 
having from 7 to 11 carbon atoms (e.g., benzoyl), an alkylthio group having from 1 to 6 carbon atoms (e.g., methylthio, 
ethylthio), an arylsulfonyl group having from 6 to 10 carbon atoms (e.g., phenylsulfonyl), an alkyisulfonyl group having 
from 1 to 6 carbon atoms (e.g., methylsulfonyl, ethylsulfonyi), and a fluorosulfonyl group. 

[0033] The alkoxycarbonyl, aryloxycarbonyl, acyl, arylcarbonyl, alkylthio, arylthio, arylsulfonyl, and alkyisulfonyl 
groups may be substituted with at least one substituent. Examples of the substituent include a halogen atom (e.g., 
chlorine), an alkoxycarbonyl group having an alkyl group having from 1 to 6 carbon atoms, a carboxyl group, an aryl 
group having from 6 to 10 carbon atoms, an alkoxy group having from 1 to 6 carbon atoms, and a cyano group. Also, 
the aryloxycarbonyl, arylcarbonyl, arylthio, and arylsulfonyl groups may be substituted with an alkyl group(s) having 
from 1 to 6 carbon atoms such as methyl in addition to the above-described substituents. 

[0034] If G 1 and G 2 may be combined with a carbon atom to form a nonmetallic ring, the ring includes acidic nuclei 
which are generally used as merocyanine dyes. Examples thereof include the following: 

(a) 1 ,3-dicarbonyl nuclei, such as 1 ,3-indandione, 1 ,3-cyclohexanedione, 5,5-dimethyl-1 ,3-cyclohexanedione, and 
1 ,3-dioxane-4,6-dione; 

(b) pyrazolone nuclei, such as 3-methyl-1 -phenyl-2-pyrazolin-5-one, 1-phenyl-2-pyrazolin-5-on, and 1-(2-benzo- 
thiazolyl)-3-methyl-2-pyrazolin-5-one; 

(c) isoxazolinone nuclei, such as 3-phenyl-2-isoxazolin-5-one, and 3-methyl-2-isoxazolin-5-one; 

(d) oxyindole nuclei, such as 1-alkyl-2,3-dihydro-2-oxyindole; 

(e) 2,4,6-triketohexahydropyrimidine nuclei, such as barbituric acid, 2-thiobarbituric acid, and derivatives thereof 
including 1 -alkyl (e.g., 1 -methyl, 1 -ethyl) derivatives, 1 ,3-dialkyl (e.g., 1 ,3-diethyl, 1 ,3-dibutyl) derivatives, 1 ,3-diaryl 
(e.g., 1,3-diphenyl, 1 ,3-di(p-chlorophenyi), 1 ,3-di(p-ethoxycarbonyIphenyl)) derivatives, and 1-alkyl-3-aryl (e.g., 
1-ethyl-3-phenyl) derivatives; 

(f) 2-thio-2,4-thiazolidinedione nuclei, such as rhodanine and derivatives thereof including 3-alkylrhodanine (e.g., 
3-ethylrhodanine, 3-allylrhodanine), and 3-arylrhodanine (e.g., 3-phenylrhodanine); 

(g) 2-thio-2,4-oxazolidinedione (2-thio-2,4-(3H, 5H)- oxazoledione) nuclei, such as 2-ethyl-2-thio-2,4-oxazolidine- 
dione; 

(h) thianaphthenone nuclei, such as 3(2H)-thianaphthenone, and 3(2H)-thianaphthenone-1,1 -dioxide; 

(i) 2-thio-2,5-thiazolidinedione nuclei, such as 3-ethyl-2-thio-2,5-thiazolidinedione; 

(j) 2,4-thiazolidinedione nuclei, such as 2,4-thiazolidinedione, 3-ethyl-2,4-thiazolidinedione, and 3-phenyl-2,4-thi- 
azolidinedione; 

(k) thiazolidione nuclei, such as 4-thiazolidinone, 3-ethyl-4-thiazolidinone; 

(I) 4-thiazolidinone nuclei, such as 2-ethylmercapto-5-thiazolin-4-one, and 2-alkylphenylamino-5-thiazolin-4-one; 
(m) 2-imino-2-oxozolin-4-one (hydantoine) derivatives; 

(n) 2,4-imidazolidinedione (hydantoine) derivatives, such as 2,4-imidazolidinedione, and 3-ethyl-2,4-imidazolidin- 
edione; 

(o) 2-thio-2,4-imidazolidinedione (2-thiohydantoine) derivatives, such as 2-thio-2,4-imidazo!idinedione, and 
3-ethyl-2-thio-2,4-imidazolidinedione; 

(p) 2-imidazolin-5-one nuclei, such as 2-n-propylmercapto-2-imidazolin-5-one; and 
(q) furan-5-one. 



9 




10 




11 



EP 0 747 771 B1 




12 



EP 0 747 771 B1 




13 




14 




50 



15 




16 




EP 0 747 771 B1 




17 



EP 0 747 771 B1 




18 




[0036] Among these, preferred are (1-12), (1-13), (1-16), (1-17), (1-21), (1-25), and (I-36). 

[0037] The sensitizing dyes represented by formula (I) for use in the photopolymerizable composition of the present 
invention may be used individually or in combination of two or more thereof. 

[0038] The titanocene compound which is the second component in the photopolymerization initiation system in the 
present invention is a titanocene compound capable of generating active radicals upon light irradiation in the presence 
of the above-described sensitizing dye together. 

[0039] The titanocene compound is selected from the group consisting of dicyclopentadienyl-Ti-dichtoride, dicy- 
clopentadienyl-Ti-bisphenyl, dicyclopentadienyl-Ti-bis-2,3,4,5,6-pentafluorophen-1-yl (hereinafter referred to as "A- 
1"), dicyclopentadienyl-Ti-bis-2,3,5,6-tetrafluorophen-1-yl, dicycIopentadienyl-Ti-bis-2,4,6-trifluorophen-1-yl, dicy- 
clopentadienyl-Ti-bis-2,6-difluorophen-1-yl, dicyclopentadienyl-Ti-bis-2,4-difluorophen-1-yl, dimethylcyctopentadi- 
enyl-Ti-bis-2,3,4,5,6-pentafluorophen-1 -yl (hereinafter referred to as "A-2') t dimethylcylopentadienyl-Ti-bis- 
2,3,5,6-tetrafluorophen-1 -yl, dimethylcyclopentadienyl-Tl-bis-2,4-difluorophen-1 -yl and bis(cyclopentadienyl)-bis 
(2,6-difluoro-3-(pyr-1-yl)-phenyl)titanium (hereinafter referred to as "A-3"). 

[0040] The titanocene compounds for use in the photopolymerizable composition of the present invention may be 
used individually or in combination of two or more thereof. 

[0041 ] With respect to the use amount of the above-described sensitizing dye and titanocene compound constituting 
the photopolymerization initiation system for use in the photopolymerizable composition of the present invention, it is 
suitable to use the sensitizing dye in an amount of from 0.05 to 30 parts by weight, preferably from 0.1 to 20 parts by 
weight, and more preferably from 0.2 to 10 parts by weight, and the titanocene compound in an amount of from 0.5 to 
100 parts by weight, preferably from 1 to 80 parts by weight, more preferably from 2 to 50 parts by weight, each based 
on 1 00 parts by weight of the ethylenic compound. 

[0042] The photopolymerizable composition of the present invention may contain, in addition to the above-described 
sensitizing dye and titanocene compound, compounds (1) to (8) which will be described below, for the purpose of 
increasing the sensitivity. 

[0043] Compound (1 ) having a carbon-halogen bond is preferably a compound represented by the following formula 
(V), (VI), (VII), (VIII), (IX), (X) or (XI): 

a compound represented by formula (V): 
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R 2a 

(V! 



wherein X represents a halogen atom; Y 1 represents -CX 3 (X is a halogen atom), -NH 2 , -NHR 25 , -NR 25 R 25 ' or 
-OR 25 , in which R 25 and R 25 ' each represents an alkyl group, a substituted alkyl group, an aryl group or a substituted 
aryl group; and R 24 represents -CX 3 (X is a halogen atom), an alkyl group, a substituted alkyl group, an aryl group, 
'5 a substituted aryl group, an alkenyl group or a substituted aikenyl group; 

a compound represented by formula (VI): 



(VI) 

C H 3 - n ^ n 



wherein R 26 represents an alkyl group, a substituted alkyl group, an alkenyl group, a substituted alkenyl group, 
an aryl group, a substituted aryl group, a halogen atom, an alkoxy group, a substituted alkoxy group, a nitro group 
or a cyano group; X represents a halogen atom; and n represents an integer of from 1 to 3; 
a compound represented by formula (VII): 

R 27 -E-CH 2 _ m X m -R 28 (VII) 
wherein R 27 represents an aryl group or a substituted aryl group; R 28 represents -CO-NR 29 R 30 , 



N N 



)3 1 



or a halogen atom, in which R 29 and R 30 each represents an alkyl group, a substituted alkyl group, an alkenyl 
4 5 group, a substituted alkenyl group, an aryl group or a substituted aryl group, and R 31 has the same meaning as 

R 24 in formula (VI); E represents -CO-, -CS- or -S0 2 -; and m represents 1 or 2; 
a compound represented by formula (VIII): 




(VIII) 
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wherein R 32 represents an aryl or heterocyclic group which may be substituted; R 33 represents a trihaloalkyl or 
trihaloalkenyl group having from 1 to 3 carbon atoms; and p represents 1, 2 or 3; 

a carbonylmethylene heterocyclic compound having a trihalogenomethyl group represented by formula (IX): 



0 




( IX) 



R 2S 



wherein L represents a hydrogen atom or a substituent represented by formula: CO-(R 34 ) n (CX 3 ) m ; M represents 
a substituted or unsubstituted alkylene group; Q represents a sulfur atom, a selenium atom, an oxygen atom, a 
dialkylmethylene group, an alken-1 ,2-ylene group, a 1 ,2-phenylene group or an -N-R 35 group, and M and Q may 
be combined to form 3 or 4 ring members in a ring; R 34 represents a carbocyclic or heterocyclic aromatic group; 
R 35 represents a substituted or unsubstituted alkyl group, a substituted or unsubstituted aralkyl group or a substi- 
tuted or unsubstituted alkoxyalkyl group; X represents a chlorine, bromine or iodine atom; and q=0 and r=1 , or q=1 
and r=1 or 2; 

a 4-halogeno-5-(halogenomethylphenyl)oxazole derivative represented by formula (X): 




(X) 



wherein X represents a halogen atom; t represents an integer of from 1 to 3; s represents an integer of from 1 to 
4; R 36 represents a hydrogen atom or a CH 3 . t X t group; and R 37 represents an s-valent unsaturated organic group 
which may be substituted; and 

a 2-(halogenomethylphenyl)-4-halogenooxazole derivative represented by formula (XI): 




(XI) 
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wherein X represents a halogen atom; v represents an integer of from 1 to 3; u represents an integer of from 1 to 
4; R 38 represents a hydrogen atom or a CH 3 . V X V group; and R 39 represents a u-valent unsaturated organic group 
which may be substituted. 

[0044] Examples of the above-described compounds having a carbon-halogen bond include: 

compounds described in Wakabayashi et al, Bull. Chem. Soc. Japan, 42, 2924 (1969) such as 2-phenyl-4,6-bis 
(trichloromethyl)-S-triazine, 2-(p-chlorophenyl)-4,6-bis-(trichloromethyl)-S-triazine, 2-(p-tolyl)-4,6-bis(trichlorome- 
thyl)-S-triazine, 2-(p-methoxyphenylH,6-bis-(trichloromethyl)-S-tria2ine, 2-(2\4'-dichlorophenyl)-4,6-bis(trichlo- 
romethyl)-S-triazine, 2,4 l 6-tris(trichloromethyl)-S-triazine, 2-methyl-4,6-bis(trichloromethyl)-S-triazine, 2-n-nonyl- 
4,6-bis(trichloromethyl)-S-triazine and 2-(a,a,p-trichloroethyl)-4,6-bis(trichlormethyl)-S-triazine; 
compounds described in British Patent 1 ,388,492 such as 2-styryl-4,6-bis(trichloromethyl)-S-triazine l 2-(p-meth- 
y!styryl)-4,6-bis(trichloromethyl)-S-triazine, 2-(p-methoxystyryl)-4,6-bis(trichloromethyl)-S-triazine and 2-(p-meth- 
oxystyryl)-4-amino-6-trichloromethyl-S-triazine; 

compounds described in JP-A-53-1 33428 such as 2-(4-methoxynaphtho-1-yl)-4,6-bistrichloromethyl-S-triazine, 
2-(4-ethoxynaphtho-1-yl)-4,6-bistrichloromethyl-S-triazine, 2-[4-(2-ethoxyethyl)-naphtho-1-yl]-4,6-bistrichlorome- 
thyl-S-trtazine, 2-(4,7-dimethoxynaphtho-1-yl]-4,6-bistrichloromethyl-S-triazine and 2-(acenaphtho-5-yl)-4,6-bis- 
trichloromethyl-S-triazine; 

compounds described in German Patent 3,337,024 as set forth below: 
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compounds described in RC. Schaefer et a), J. Org. Chem. , 29, 1 527 (1 964) such as 2-methyl-4,6-bis(tribromom 
thyl)-S-triazine,2A6-tris(tribromo 

bromomethyl-S-triazine and 2-methoxy-4-methyl-6-trichloromethyl-S-triazine; 
compounds described in JP-A-62-58241 as set forth below: 




CC1 3 
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20 




CCl 3 



CCI 3 



25 



30 



compounds set forth below, which can be easily synthesized by one skilled in the art according to the synthesis 
method described in M.R Hurt, E.R Elslager and L.M. Werbel, Journal of Heterocyclic Chemistry , vol. 7 (No. 3), 
page 511 etseq (1970): 
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li II 

C Xo/ C-CH,Br 



O/- C X0 jc-CH3r ; 




N N 

CH,0-< Qy— CH=CH-C Xo ^C-CH : 




Cfi 



N if 

CH = CK-c' C — CP- 
x 0/ 



|| * 

CH=CH-C^J_ CC1: 



N N 

ck-m J ! 

tH— Cd — C c — CCl, 



II |[ 
urf-CH-C^^^c — CC1; 
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CBr z -SO z -^Q^ 



cor 



K N 

nq^ \cci 2 -so 3 



H N 




c 'c 




K N 

M H 



compounds described in German Patent 2,641 ,100 such as 4-(4-methoxystyryl)-6-(3,3,3-trichloropropeny0^ 
rone and 4-(3,4,5>trimethoxystyryl)>6-trichloromethyf-2-pyrone; 
compounds described in German Patent 3,333,450 as set forth below: 



/ fl \ ^C-t-R-), ( C v l); 



I 



(Q = S, R 34 = a benzene ring) 
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4-CF3 
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4-CCI3 



(the above compounds are included In the above-described compounds (IX)) 
compounds described in German Patent 3,021 ,590 as set forth below: 
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[0045] The ketone compound represented by formula (II) as for use in the present invention is described below. Ar 
represents an aromatic group selected from groups represented by formula (ll-a). R 7 and R 8 each represents a hydro- 
gen atom or an alkyl group having from 1 to 8 carbon atoms, or R 7 and R 8 may be combined with each other to form 
a carbon ring (e.g., cyclohexane, benzene ring) along with a carbon atom. R 9 , R^, R 11 , R 12 and R 13 each independently 

5 represents a hydrogen atom, a halogen atom, an alkyl group having from 1 to 12 carbon atoms, an alkenyl group 
having from 3 to 12 carbon atoms, an aryl group, an alkoxy group having from 1 to 12 carbon atoms, a hydroxyl group, 
an -S-R 15 group, an -SOR 15 group or an -S0 2 -R 15 group, in which R 1 & represents an alkyl group having from 1 to 12 
carbon atoms or an acyl, aikenyl or aryl (e.g., phenyl) group having from 2 to 13 carbon atoms. These alkyl, acyl, 
alkenyl and aryl groups may be substituted with a substituent(s) having from 1 to 6 carbon atoms. represents a 

io single bond or an alkylene (e.g., ethylene) group which may be substituted with an alkyl group or an amino group. R 14 
represents a hydrogen atom, an alkyl group or an acyl group. Y represents a hydrogen atom or a group represented 
by formula (ll-b), in which R 7 and R 8 in formula (ll-b) are the same as those defined above. 

[0046] Specific examples of the ketone compound include the following compounds described in U.S. Patent 
4,318,791 and European Patent 0284561 A: 
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0 CH 5 



- C — C — N 0 
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[0047] The ketooxime compound represented by formula (III) as component (3) for use in the present invention is 
described below. 

« [0048] In formula (III), R 16 and R 17 are the same or different, and each represents a substituted or unsubstituted 
hydrocarbon group which may contain an unsaturated bond or a substituted or unsubstituted heterocyclic ring. R 18 
and R 19 are the same or different, and each represents a hydrogen atom, a substituted or unsubstituted hydrocarbon 
group which may contain an unsaturated bond, a substituted or unsubstituted heterocyclic group, a hydroxy! group, a 
substituted oxy group, a mercapto group or a substituted thio group. R 20 and R 21 are the same or different, and each 

50 represents a hydrogen atom, a substituted or unsubstituted hydrocarbon group which may contain an unsaturated 
bond, or a substituted carbonyl group, or R 20 and R 21 may be combined with each other to form a ring and represent 
an alkylene group having from 2 to 8 carbon atoms which may contain -O, -NR 20 -, -NR 21 -, -0-CO-, -NH-CO-, -S- and/ 
or -S0 2 - in the linking main chain of the ring. 

[0049] Specific examples of the ketooxime compound include the following compounds but the present invention is 
55 by no means limited thereto. 
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C = N-O-CHjCOtCH: 



45 

[0050] The organic peroxide as component (4) for use in the present invention includes compounds having an oxy- 
gen-oxygen bond in the molecule. Examples thereof include methyl ethyl ketone peroxide, cyclohexanone peroxide, 
3,3,5-trimethylcyclohexanone peroxide, methylcyclohexanone peroxide, acetylacetone peroxide, 1 ,1 -bis(tert-buty!per- 
oxy)-3,3,5-trimethylcyclohexane, 1,1-bis(tert-butylperoxy)cyc!ohexane, 2,2-bis(tert-butylperoxy)butane, tert-butyl hy- 

50 droperoxide, cumene hydroperoxide, diisopropylbenzene hydroperoxide, paramethane hydroperoxide, 2,5-dimethyl- 
hexane-2,5-dihydroperoxide, 1 ,1,3,3-tetramethylbutyl hydroperoxide, di-tert-butyl peroxide, tert-butylcumyl peroxide, 
dicumyl peroxide, bis(tert-butylperoxyisopropyl)-benzene, 2,5-dimethyl-2,5-di(tert-butylperoxy)hexane, 2,5-dimethyl- 
2,5-di(tert-butylperoxy)hexine-3, acetyl peroxide, isobutyryl peroxide, octanoyl peroxide, decanoyl peroxide, lauloyl 
peroxide, 3,5,5-trimethylhexanoyl peroxide, succinic peroxide, benzoyl peroxide, 2,4-dichlorobenzoyl peroxide, meta- 

55 toluoyl peroxide, diisopropyl peroxydicarbonate, di-2-ethylhexyl peroxydicarbonate, di-2-ethoxyethyl peroxydicarbo- 
nate, dimethoxyisopropyl peroxycarbonate, di(3-methyl-3-methoxybutyl) peroxydicarbonate, tert-butyl peroxy acetate, 
tert-butyl peroxypivalate, tert-butyl peroxyneodecanoate, tert-butyl peroxyoctanoate, tert-butyl peroxy-3,5,5-trimethyl- 
hexanoate, tert-butyl peroxylaurate, tert-butyl peroxybenzoate, di-tert-butyl peroxyisophthalate, 2,5-dimethyl-2,5-di 
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benzophenone, 3,^4,4Me<ra(,- 0 c,y lp er^ 

none, 3,3\4,4^etra(pHsopropylcumyLrox V carb^ t -'^^^y'P^ycarbonyObenzophe- 

.a«e) and c^Z^Z^S^^Z ca ^<t-bu fy lperoxy dihydrogen diph.ha- 

[0051] Among these, preferred are peroxide esters such ac^M a* u . ■ 
4.4Metra(t-amylperoxycarbonyl)ben^^^^ 

cu : y. w ^^ 3 > 3.,4.4,tetra(p-isopropy,- 
WSV ^--Poundascomponen^ 

SS i^SKEEK SiTiSr (,V) is pre,erab,y an a,ky « ha ^ <™ 1 - 4 

as phenyl and naphtha" ie SSSJJiJ ar o tSl"^ ^ ^ fr ° m 6 ,0 10 Carb0n atoms such 
halogen atom such as chlorine l^^JX^J^T above - described 9™P substituted with a 
[0054] Specific examolpVof thT,h P "f °' 30 alkoxy 9roup sucn as me,h ° x y or ethoxy 

tab.e Low P 65 0< ^ th '° C ° mP0Und represen,ed b * '— la 0V> -elude the compounds shown in the 
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[0055] Examples of the hexaarylbiimidazole as comDonent ffiw™ ...» ■ .,, 

chlorophenyl)-4,4',5,5'-tetraphenyU,iimidazote ? 2 ^TJrominh » ! ,he PreSent invention inc,ude 2 .2'"bis(o- 
*°;e.2^bis(o,o^ch.orop^ 

[0056] The aromatic onium salt as component (7) for u<!p in tho „ 

of elements belonging to Groups 15 (5B),T 6 (6B anTl7 (7 m of ,hl T ITf °" inC ' UdeS *" ar0ma,ic onium sa « 
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[0057] Among these, preferred are compounds of BF 4 salt and PF 6 salt, more preferred are BF 4 and PF 6 salts of 
aromatic iodonium. 

[0058] Examples of the ketooxime ester as component (8) for use In the present invention include 3-benzoyloxyimi- 
nobutan-2-one, 3-acetoxyiminobutan-2-one, 3-propionyloxyiminobutan-2-one, 2-acetoxyiminopentan-3-one, 2-ace- 
toxyimino-1-phenylpropan-1-one, 2-benzoyloxyimino-1-phenylpropan-1-one, 3-p-toluenesuifonyloxyiminobutan- 
2-one and 2-ethoxycarbonyloxyimino-1-phenylpropan-1-one. 

[0059] These additives (1 ) to (8) may be used individually or in combination of two or more thereof. The use amount 



55 



EP 0 747 771 B1 



25 



30 



35 



40 



45 



50 



55 



. MM, M to an ,™,„, o( tarn 0 .0? ,o SSKZT" S"f °" !VS ' Cm °* ,he p,ese "' «"•*» 

development or alkalescent water d8v B top^JS^^ W .» , P m °' eCUlar »»*"« ca P a ^ oLter 
as a fi.m forming agent of the composition Mar pol ^ er is «" "o, only 

« ■ appropriately selected depending on the use. Fo^ZZ ^^lT^ ^ "»** deve '°P er wnich 
-s used, water development can be carried out This Wnc ZTnZ T Wa,6r - S0,ub,e or 9 anic hi 9 h ™lecular polymer 
polymer having a carboxylic acid group on the swtcSn l^Z °T' C ^ mc >^ an addition 

an acrylic acid copo.ymer, an itaconic Lco^TZZ^ll ?** 3 me ^ lic acid «w5 

esterifiedmaleicacidccpolyrnerdescribedinj^g^ 
» 54-92723, JP-A-59-53836 and JP-A-59 7 X 8 £jL ' JP " B - 54 - 34327 . JP-B-58-12577, JP-B-54-25957 JP-A- 
9 roup similar, on the side chain is *££S^ ^ T^Z^^T^ 3 "Sc « 

having a hydroxy, group is also useful. Among these ataSSf ^ '° ,he addi,ion P ol V™ 
enzable vinyl monomer, if desired] copolymer and a^falM rmi m , 7 a,e/(me,h > acr y |ic ^id/other addition polym- 
able viny, monomer, i, desired] copolymer are preferred VSSSSt^T^ ^ 
usefulasthe water-solubtelinearorganicpolymer^ and P^y-ene oxide are 

(4-hydroxyphenyl)propane with epichlorohydrin are aS^^^^'^^^ 
^ove-describedlinearorganichighmolecuWpofym^ ^SSfl.T Stren9,h ° f ' he CUred film - The 
However, if the mixing amount exceeds 90% by we^h i^^^^^ 

of an ,mage formed and the like. The mixing amount is mSSS? * may be C3USed in view of lhe strength 

Photo^ymerizable ethy.enic unsaturated ooZZo Z Hnea ^1^^ ^ ra,io of ,he 
1/9 to 7/3, more preferably from 3/7 to 5/5 9a " ,C h ' 9h mole ™lar polymer is preferably from 

a 22s 5-5 ,undamen,ai — a ■*« — - a 

lymerizable ethylenic unsaturated compound durl the orodu^n U , nnecessaf y ,hermal Polymerization of the po- 
able examp.es of me thermal po.ymen£,io StSSl 9 " ° f pho,osensi,ive composition. sZ- 
roga.,o., t-buty.-ca,echo.. benzoquinone, 4, JESv. ST' P^oxyphenol, di-t-butyf-p-cresol, py- 
Pheno.) and N-nitrosopheny.hydroxyamine pr ma^ sit ^ 2 ' 2, - me,h y te " e ^(4-methy,-6-,-buS- 

-nh.brtor is preferably from about 0.01 to about 5% by weTaht based on ,h T*" ° f the ,herrnal P^'^erization 
des,red, a higher fatty acid derivative such as a behenT acid an a Zl ^ °' ,he e " ,ire com P^«ion. Also, if 
uneven, on the sudace of the photosensitive layer during th „1™ V ™ y *» added ,0 dis P erse 
nton inhibition due to oxygen. The addition amount oHhe af,er , coa,in 9 *> as to prevent polymer- 
about 10% by weight of the entire composition 9 ^ C ' d denVat,ve is P' ef erably from about 0.5 to 

composition. Also, an inorganic 2r^^£SnS!^^^^. 0 ^ * ab ° Ut 5% by wei 9 nl °' the en ' if e 
physical properties of the cured film aaait.ves such as a plastozer may be added so as to improve 

ethylene dichlonde. tehahyan*™. ,„ toe , ^A^ZJ^^ yl ,f' y ' "«"»• W**»»ne. ethyl acetan, 
*« 9 lycol ainwhy, eth.,, p,^^, g , , ZoZKTZS? f 9lyC01 m " ,oe '" 1 •"«'■ 
Oohexmne. alcotiol. .thy,™ 9 !»co™ SSSto *™ m °"' >e,l,>, «V- 

eo e91 ye.,™„, Bwste . elMe „ g ^^ r ^ 
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nol, diethylene glycol monomethyl ether, diethylene glycol monoethyl ether, diethylene glycol dimethyl ether, diethylene 
glycol diethyl ether, propylene glycol monomethyl ether acetate, propylene glycol monoethyl ether acetate, 3-methox- 
ypropyl acetate, N,N-dimethylform amide, dimethyl sulfoxide, y-butyro lactone, methyl lactate and ethyl lactate. These 
solvents may be used individually or in combination. The solid concentration in the coating solution is preferably from 
5 2 to 50% by weight. 

[0067] The coating amount thereof in terms of the weight after drying is preferably from about 0.1 to about 10 g/m 2 , 
more preferably from 0.5 to 5 g/m 2 . 

[0068] As the above-described support, a dimensionally stable, plate-like material is used. Examples of the dimen- 
sionally stable, plate-like material include paper, paper laminated with plastics (e.g., polyethylene, polypropylene, pol- 

10 ystyrene), sheet of a metal such as aluminum (including aluminum alloy), zinc and copper, a plastic film such as cellulose 
diacetate, cellulose triacetate, cellulose propionate, cellulose butyrate, cellulose acetate butyrate, cellulose nitrate, 
polyethylene terephthalate, polyethylene, polystyrene, polypropylene, polycarbonate and polyvinyl acetal, and paper 
or plastic film laminated with or having evaporated thereon the above-described metal. Among these supports, an 
aluminum plate is particularly preferred because it is dimensionally stable to an extreme extent and in addition, cheap. 

15 Also, a composite sheet obtained by bonding an aluminum sheet on a polyethylene terephthalate film as described in 
JP-B-48-1 8327 is preferred. 

[0069] A support having a metal, particularly an aluminum surface is preferably subjected to surface treatment such 
as graining treatment, dipping treatment in an aqueous solution of sodium silicate, potassium fluorozirconate or phos- 
phate, or anodic oxidation treatment. 

20 [0070] An aluminum plate subjected to graining and then to dipping treatment in an aqueous solution of sodium 
silicate may be preferably used. Furthermore, an aluminum plate subjected to anodic oxidation treatment and then to 
dipping treatment in an aqueous solution of alkali metal silicate as described in JP-B-47-5125 may be suitably used. 
The above-described anodic oxidation treatment is carried out by applying current to the aluminum plate as an anode 
in an electrolyte, for example, in an aqueous or non-aqueous solution of an inorganic acid such as phosphoric acid, 

25 chromic acid, sulfuric acid or boric acid or of an organic acid such as oxalic acid or sulfamic acid, which solutions may 
be used individually or in combination of two or more thereof. 

[0071] The silicate electrodeposition as described in U.S. Patent 3,658,662 is also effective. 
[0072] Furthermore, a surface treatment comprising a combination of the above-described anodic oxidation treat- 
ment and sodium silicate treatment with a support subjected to electrolysis graining as disclosed in JP-B-46-27481, 

30 JP-A-52-58602 and JP-A-52-30503 is also effective. 

[0073] Moreover, a support subjected in sequence to mechanical graining, chemical etching, electrolysis graining, 
anodic oxidation treatment and sodium silicate treatment as disclosed in JP-A-56-28893 is also preferred. 
[0074] Still furthermore, a support may be suitably subjected, after the above-described treatments, to undercoating 
with a water-soluble resin such as a polymer or copolymer having a polyvinyl phosphonic acid or a sulfonic acid on 

35 the side chain, a polyacrylic acid, a water-soluble metal salt (e.g., zinc borate), or a yellow dye or an amine salt. 

[0075] In addition, a sol-gel treated substrate having conjugation-bonded thereto a functional group capable of ad- 
dition reaction by radicals as described in JP-A-7-1 59983 may be used suitably. 

[0076] The above-described treatments to achieve hydrophilicity are effected not only to render the support surface 
hydrophilic but also to prevent harmful reaction of the photopolymerizable composition to be coated on the support 

40 and at the same time, to improve the adhesion property of the photosensitive layer. 

[0077] In order to prevent polymerization inhibition action of the oxygen in air, a protective layer comprising a polymer 
having an excellent oxygen cutting property, such as polyvinyl alcohol, in particular, polyvinyl alcohol having a sapon- 
ification degree of 99% or more, or an acidic cellulose, may be provided on the photopolymerizable composition layer 
on the support. The coating method of the protective layer is described in detail, for example, in U.S. Patent 3,458,311 

45 and JP-A-55-49729. 

[0078] The photopolymerizable composition of the present invention can be used for usual photopolymerization. 
Furthermore, the composition can be used in various fields, for example, as a photoresist in producing a printing plate 
or a printed board. In particular, since the photopolymerizable composition of the present invention has such properties 
as high sensitivity and wide spectral sensitivity extending even to a visible light region, it can provide good effects when 

50 it is applied to a photosensitive material for a visible light laser such as an Ar+ laser or a YAG-SHG laser. 

[0079] The photosensitive material using the photopolymerizable composition of the present invention is subjected 
to imagewise exposure and then the unexposed area of the photosensitive layer is removed by a developer to obtain 
an image. When the above-described photopolymerizable^com position is used in producing a lithographic printing 
plate, the developer as described in JP-B-57-7427 is preferably used and preferred are an aqueous solution of an 

55 inorganic alkali agent such as sodium silicate, potassium silicate, sodium hydroxide, potassium hydroxide, lithium 
hydroxide, sodium phosphate, sodium hydrogenphosphate, ammonium phosphate, ammonium hydrogenphosphate, 
sodium metasilicate, sodium bicarbonate or aqueous ammonia and an aqueous solution of an organic alkali agent 
such as monoethanolamine or diethanolamine. The alkali agent is added so that the alkali solution has a concentration 
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of from 0.1 to 10% by weight, preferably from 0.5 to 5% by weight 

described in U S. Pa.en.e 3^" i.m « 3.6, £.0 ' '" ' S ™" m "' Exa ""* S ,he,CTI Mude »»» 

[0081] Furthermore, the developers described in JP-A-ro 9RRm iD«t»c.„., 

56-42860 are also excellent 50-26601, JP-A-58-54341 , JP-B-56-39464 and JP-B- 

EXAMPLES 1 TO 11 AND COMPARATIVE EXAMPLES 1 TO 7 

mmwmw^B 



Pentaerythritol tetraacrylate " 

Allyl methacrylate/methacrylic acid copolymer (copolymerization molar ratio- 80/20) 
Photopolymerization initiation system <. 
Fluorine nonionic surfactant 
Methyl ethyl ketone 

Propylene glycol monomethyl ether acetate 



1.5g 
2.0 g 
(see Table t) 
0.03 g 
20 g 
20 g 



sequencebyOJS) The sensitivity was snown by the clear stage numb^ 

was made at the ,llum,nance on the photosensitive layer surface of 0.0132 mW/c J fo 240 seTo ds 2 the 
for 3 X," 5 meaS ^ Same manner after SamP ' eS " EXamP ' eS 1 t0 11 W6re « an oSnTso' c 
2 » 1 %Z££!£ ^ 31 10 °° C 1 minU,e ^ diPP6d S " "» folto ^ d -'°Per at 25-C for , 



• 
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IK Potassium silicate 
Potassium hydroxide 

■ 

w ater 1,000 g 

75 

[0090] The sensitivity was measured using the following compounds as a photopolymerization initiation system by 
varying the combination in the system and the results obtained are shown in Table 1 . The numerals in parentheses 
are in a unit of g. 

20 
25 
30 
35 
40 
45 
50 



30 g 
15 g 

3 g 



59 



EP 0 747 771 B1 



w 



15 



20 



25 



30 



35 



40 



45 



50 



55 



< 



o» a; 

0) (Q 

o> ^ (J 
o o w 

GO CO (0 

a) n <o 

>i V* CJ 
<S 0) o 
^ -Q O! 

c s 

3 

<T3 



in 



m to 



to 

U3 



3 



cr> a) 
^ iJ cj 

tn 
-a -a 

0 0) 
(Q g 3 

>i <l> a, 

s-t £ U 
O 3 <D 



C X? 

a; c 

o o 

c a 

+j o 



en 

in u-> n 



in ^ 

^ ^ in n n ^ 



o o 



o o 



< 


1 

< 


i 

< 


< 










in 


in 


n 


in 


o 


o 


o 


o 


o 


o 


o 


o 












m 


lO 


m 


f 


t 




CM 




r-i 


i 


i 



< 



m 
o 



I 



™ cm cv, m 

J. ' ' I 
< < < < 



< < 



r-t 04 

< < < 



m 
o 



<N 



in 
o 



m 
o 



o 



in 
o 



o o 



I 

Hi 





CM 






<N 


1 


1 


— * 

I 




— 1 


►H 






t 


I 



«n ^ ~ s ^ 

O ~* rH 



f 



<3> 
> 
•H 

t0 

<T3 >> 

£ 
0 



oo - o\ o — 



0 
















Q 


a 














CO 





^ ^ cm m 



x 



0 
O 



60 




EXAMPLES 12 TO 34 AND COMPARATIVE EXAMPLE 8 

[0091] Samples were prepared thoroughly in the same manner as in Example 1 except for changing the photopol- 
15 ymerization initiation system in Example 1 to the compounds described in Table 2 below and each sample was tested 
on the sensitivity in the same manner as in Example 1 . Tlie results obtained are shown in Table 2 below. In addition, 
the sensitivity was measured in the same manner after the samples in Examples 12 to 34 were stored in an oven at 
50°C for 3 days. 

20 
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[0092] The results in Tables 1 and 2 show that the photopotymerizabte compositions of the present invention con- 
taining a sensitizing dye represented by formula (I) and a specific titanocene compound as a photopolymerization 
initiation system have high sensitivity. 

[0093] Also, higher sensitivity can be obtained by using a compound represented by formulae (1 ) to (8) in combina- 
tion. On the other hand, if only one of the sensitizing dye and the titanocene compound is contained in the photopol- 
ymerization initiation system, or if an analogue compound which is out of the scope of the present invention is used, 
the effects of the present invention cannot be obtained. 



10 Claims 



15 



20 



1. A photopolymerizable composition comprising an addition-polymerizable compound having at least one ethylenic 
unsaturated double bond a sensitizing dye represented by the following formula (I): 



R< Rs 

-R* 



25 



45 



50 





R i 

wherein 

R v R 2 , R 3 and R 4 are the same or different, and each represents a hydrogen atom, a halogen atom, a sub- 
30 stituted or unsubstituted aikyl group, a substituted or unsubstituted aryl group, a hydroxyl group, a substituted 

or unsubstituted alkoxy group, or a substituted or unsubstituted amino group, or R lf R 2 , R 3 or R 4 may be 
combined with a carbon atom in formula (I) to form a nonmetallic atom ring; 

R 5 represents a hydrogen atom, a substituted or unsubstituted alkyl group, a substituted or unsubstituted aryl 
group, a substituted or unsubstituted heteroaromatic group, a cyano group, a substituted or unsubstituted 
35 alkoxy group, a carboxyl group, or a substituted or unsubstituted alkenyl group; 

R 6 has the same meaning as R 5 or represents -Z-R 5 , in which Z represents a carbonyl group, a sulfonyl group, 
a sulfiny! group or an arylenedicarbonyl group, or R 5 and R 6 may be combined with each other to form a 
nonmetallic atom ring; 

A represents O, S, NH, or a nitrogen atom having a substituent; and 
40 B represents a group represented by the following formula: 



= C-G, 
\ 

Gt 



wherein G 1 and G 2 are the same or different, and each represents a hydrogen atom, a cyano group, a 
substituted or unsubstituted alkoxycarbonyl group, a substituted or unsubstituted aryloxycarbonyl group, a 
substituted or unsubstituted acyL group, a substituted or unsubstituted arylcarbonyl group, a substituted or 
unsubstituted alkylthio group, a substituted or unsubstituted arylthio group, a substituted or unsubstituted alkyl- 
suifonyl group, a substituted or unsubstituted arylsulfonyl group, or a fluorosulfonyl group, provided that Gj 
and G 2 are not a hydrogen atom at the same time, or and G 2 may be combined with each other to form a 
nonmetallic atom group together with a carbon atom, 
55 and a titanocene compound selected from the group consisting of dicyclopentadienyl-Tl-dichloride, dicyclopen- 

tadienyl-Ti-bisphenyl, dicyclopentadieny!-Ti-bis-2,3,4,5,6-pentafluorophen-1-yl t dicyclopentadienyl-Ti-bis- 
2,3,5,6- tetrafluorophen-1-yl, dicyclopentadienyl-"n-bis-2,4,6-trifluorophen-1-yl, dicyclopentadienyl-Ti-bis- 
2,6-difluorophen-1-yl, dicyclopentadienyl-Tl-bis-2,4-difluorophen-1-yl, dimethylcyclopentadienyl-Ti-bis- 
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2,3,4,5,6-pentafluorophen-l -yl, dimethylcyclopentadienyl-T»-bis-2,3 f 5,6-tetrafluorophen-1 -yl dimethylcy- 
clopentadienyl-Ti-bis-2,4-dif luorophen-1 -yl and bis(cyclopentadienyl)-bis(2 f 6-diiluoro-3-(pyr-1 -yl)-phenyl)tita- 
nium or combinations thereof. 

The photopolymerizable composition as claimed in claim 1 , which further contains at least one compound selected 
from the group consisting of the following compounds (1) to (8): 

(1) a compound having a carbon-halogen bond; 

(2) a ketone compound represented by the following formula (II): 



0 R 7 

A r C C N u r t t 



wherein 



R 7 and R« are the same or different, and each represents a hydrogen atom or a substituted or unsubstituted 
alkyl group, or R 7 and R* may be combined with each other to form a carbon ring with a carbon atom; and 
Ar represents an aromatic group selected from the following formulae: 



.-fit.. 




wherein R9 Rio ? R n, R 12 and R 1 3 are the same or different, and each represents a hydrogen atom 
a halogen atom, a substituted or unsubstituted alkyl group, a substituted or unsubstituted alkenyl group! 
a substituted or unsubstituted aryl group, a hydroxy! group, a substituted or unsubstituted alkoxy group! 
an -S-R 15 group, an -SO-R 1 * group or an -S0 2 -R 15 group, provided that at least one of R 9 , R™ R 11 R 12 
and R*3 represents an -S-R™ or -SO-R™ group, in which R™ represents a substituted or' unsubstituted 
alkyl group, a substituted or unsubstituted acyl group, a substituted or unsubstituted alkenyl group or a 
substituted or unsubstituted aryl group; 

l-i represents a single bond or a substituted or unsubstituted alkylene group; 

R 14 represents a hydrogen atom, a substituted or unsubstituted alkyl group or a substituted or unsubsti- 
tuted acyl group; and 
Y represents a hydrogen atom or 



0 
II 

— c 



R 7 
I 

I 




wherein R 7 and R8 have the same meanings as the above-described R 7 and R 8 ; 
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(3) a ketooxime compound represented by the following formula (III): 



10 



35 



R : 5 R : 1 

I I 

N - C C = N - O - R ' 7 

I 

R : 9 



(III) 



R : 



wherein 



R 16 and R 17 are the same or different, and each represents a substituted or unsubstituted hydrocarbon 
15 group which may contain an unsaturated bond or a substituted or unsubstituted heterocyclic group; 

R 18 and R 19 are the same or different, and each represents a hydrogen atom, a substituted or unsubstituted 
hydrocarbon group which may contain an unsaturated bond, a substituted or unsubstituted heterocyclic 
group, a hydroxy! group, a substituted oxy group, a mercapto group or a substituted thio group; and 
R 20 and R 21 are the same or different, and each represents a hydrogen atom, a substituted or unsubstituted 
20 hydrocarbon group which may contain an unsaturated bond, or a substituted carbonyl group, or R 20 and 

R 21 may be combined with each other to form a ring and represent an alkylene group having from 2 to 8 
carbon atoms which may contain -0-, -NR 20 -, -NR 21 -, -O-CO, -NH-CO-, -S- and/or -S0 2 - in the linking 
main chain of the ring; 

25 (4) an organic peroxide; 

(5) a thio compound represented by the following formula (IV): 



30 R 22 -NH R2<-N 

!l (IV) 



R 23 -C=S or R 23 -C-SH 



R 23 represents a hydrogen atom or a substituted or unsubstituted alkyl group, or R 22 and R 23 may be 
combined with each other to represent a nonmetallic atom group necessary for forming a 5-, 6- or 7-membered 
ring which may contain a hetero atom selected from an oxygen atom, a sulfur atom and a nitrogen atom; 
(6) hexaarylbiimidazoie; 
40 (7) an aromatic onium salt; and 

(8) a ketooxime ester. 

3. The photopolymerizable composition as claimed in claim 1 , wherein the addition-polymerizable compound is a 
compound having at least one terminal ethylenic unsaturated bond. 

45 

4. The photopolymerizable composition as claimed in claim 1 , wherein the sensitizing dye is used in an amount of 
from 0.05 to 30 parts by weight based on 100 parts by weight of the addition-polymerizable compound. 

5. The photopolymerizable composition as claimed in claim 1 , wherein the titanocene compound is used in an amount 
50 of from 0.5 to 1 00 parts by weight based on 1 00 parts by weight of the addition-polymerizable compound. 

Patentanspruche 

55 1. Photopolymerisierbare Zusammensetzung, umfassend 

eine additionspolymerisierbare Verbindung mit mindestens einer ethylenisch ungesattigten Doppelbindung, 
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einen sensibilisierenden Farbstoff, dargestellt durch die folgende Formel (I): 




worin 



R v R 2 , R 3 und R 4 , die gleich Oder verschieden sein konnen, jeweils ein Wasserstoffatom, ein Haiogena- 
tom, eine substituierte Oder unsubstituierte Alkylgruppe, eine substituierte oder unsubstituierte Arylgrup- 
pe, eine Hydroxygruppe, eine substituierte oder unsubstituierte Alkoxygruppe oder eine substituierte Oder 
unsubstituierte Aminogruppe bedeuten, oder R 1f R 2r R 3 oder R 4 konnen uber ein Kohlenstoffatom in For- 
mel (1) miteinander verbunden sein, so dass ein Ring gebildet wird, der keine Metallatome enthalt; 
R 5 bedeutet ein Wasserstoffatom, eine substituierte oder unsubstituierte Alkylgruppe, eine substituierte 
Oder unsubstituierte Arylgruppe, eine substituierte Oder unsubstituierte heteroaromatische Gruppe, eine 
Cyanogruppe, eine substituierte oder unsubstituierte Alkoxygruppe, eine Carboxygruppe oder eine sub- 
stituierte oder unsubstituierte Alkenylgruppe; 

Re hat die gleiche Bedeutung wie R 5 oder bedeutet die Gruppe -Z-R 5 , worin Z eine Carbonylgruppe, eine 
Sulfonylgruppe, eine Sulfinylgruppe Oder eine Arylendicarbonylgruppe bedeutet, oder R 5 und R 6 konnen 
miteinander verbunden sein, so dass ein Ring gebildet wird, der keine Metallatome enthalt; 
A bedeutet O, S, NH oder ein Stickstoffatom mit einem Substituenten; und 
B bedeutet eine Gruppe, dargestellt durch die folgende Formel: 



G 1 und G 2 , die gleich oder verschieden sein konnen, jeweils ein Wasserstoffatom, eine Cyanogruppe, 
eine substituierte Oder unsubstituierte Alkoxycarbonylgruppe, eine substituierte Oder unsubstituierte 
Aryloxycarbonylgruppe, eine substituierte Oder unsubstituierte Acylgruppe, eine substituierte Oder 
unsubstituierte Arylcarbonylgruppe, eine substituierte oder unsubstituierte Alkylthiogruppe, eine sub- 
stituierte oder unsubstituierte Arylthiogruppe, eine substituierte oder unsubstituierte Alkylsulfonyl- 
gruppe, eine substituierte oder unsubstituierte Arylsulfonylgruppe Oder eine Fluorsulfonylgruppe be- 
deuten, mit der MaBgabe, dass G 1 und G 2 nicht gleichzeitig Wasserstoffatome darstellen, oder 
und G 2 konnen miteinander verbunden sein, urn zusammen mit einem Kohlenstoffatom eine Gruppe 
zu bilden, die keine Metallatome enthalt, 

und eine Trtanocenverbindung, ausgewahlt aus der Gruppe, bestehend aus Di-cyclopentadienyl-Ti- 
dichlorid, Dicyclopentadienyl-Ti-bisphenyl, Dicyclopentadienyl-Tl-bis-2,3,4,5,6-pentafluorphen-1-yl, 
Dicyclopentadienyl-Ti-bis-2,3,5,6-tetrafluorphen-1-yl, Dicyclopentadienyl-T»-bis-2,4,6-trifluorphen- 
1 -yl, Dlcyclopentadienyl-Ti-bis-2,6-difluorphen-1 -yl, Dicyclopentadienyl-Ti-bis-2,4-dif luorphen-1 -yl, 
Dimethylcyclopentadienyl-Tl-bis-2,3,4,5,6-pentafluorphen-1-yl, Dimethylcyclopentadienyl-Ti-bis- 
2,3,5,6-tetrafluorphen-1 -yl, Dimethylcyclopentadienyl-Ti-bis-2,4-dif luorphen-1 -yl und Bis(cyclopenta- 
dienyl)-bis(2,6-difluor-3-(pyr-1-yl)-phenyl)titan oder Kombinationen davon. 



Photopolymerisierbare Zusammensetzung nach Anspruch 1, weiterhin umfassend mindestens eine Verbindung, 
ausgewahlt aus der Gruppe, bestehend aus den folgenden Verbindungen (1 ) bis (8): 




worin 



70 



EP 0 747 771 B1 

(1) einer Verbindung mit einer Kohlenstoff-Halogen-Bindung; 

(2) einer Keton verbindung, dargestellt durch die folgende Formel (II): 



0 
II 

A r — C 



10 



R 1 
I 

C - 
I 

R» 




(II) 



worm 
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R 7 und R 8 , die gleich oder verschieden sein konnen, jeweils ein Wasserstoffatom Oder eine substituierie 
Oder unsubstituierte Alkylgruppe bedeuten, oder R 7 und R 8 konnen miteinander verbunden sein, um zu- 
sammen mit einem Kohlenstoffatom einen Kohlenstoffring zu bilden; und 
Ar bedeutet eine aromatische Gruppe, dargestellt durch eine der folgenden Formeln: 



20 



25 





worm 
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R 9 , R 10 , R 11 , R 12 und R 13 , die gleich oder verschieden sein konnen, jeweils ein Wasserstoffatom, ein 
Halogenatom, eine substituierte Oder unsubstituierte Alkylgruppe, eine substituierte oder unsubstitu- 
ierte Alkenylgruppe, eine substituierte oder unsubstituierte Arylgruppe, eine Hydroxygruppe, eine sub- 
stituierte oder unsubstituierte Alkoxygruppe, die Gruppe -S-R 15 , die Gruppe -SO-R 15 oder die Gruppe 
-S0 2 -R 15 bedeuten, mit der MaBgabe, dass mindestens eine der Gruppen R 9 , R 10 , R 11 , R 12 und R 13 
die Gruppe -S-R 15 oder die Gruppe -SO-R 15 bedeutet, worin R 15 eine substituierte oder unsubstitu- 
ierte Alkylgruppe, eine substituierte oder unsubstituierte Acylgruppe, eine substituierte oder unsub- 
stituierte Alkenylgruppe oder eine substituierte oder unsubstituierte Arylgruppe bedeutet; 
L 1 bedeutet eine Einfachbindung oder eine substituierte Oder unsubstituierte Alkylengruppe; 
R 14 bedeutet ein Wasserstoffatom, eine substituierte oder unsubstituierte Alkylgruppe oder eine sub- 
stituierte Oder unsubstituierte Acylgruppe; und 
Y bedeutet ein Wasserstoffatom oder die Gruppe 



45 
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R 1 
I 

C~ 
I 



/~\ 

0 



worin R 7 und R 8 die gleiche Bedeutung wie die zuvor beschriebenen Gruppen R 7 und R 8 haben; 
(3) einer Ketooximverbindung, dargestellt durch die folgende Formel (III): 
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• 



R ** R " R " 

N — C C==N— 0~R' 7 - 

R 1 1 



worm 



R 16 und R 17 , die gleich oder verschieden sein konnen, jeweils eine substituierte Oder unsubstituierte Koh- 
lenwasserstoffgruppe, die eine ungesattigte Bindung enthaiten kann, oder eine substituierte oder unsub- 
stituierte heterocyclische Gruppe bedeuten; 

R 1 » und R 1 9 die gleich oder verschieden sein konnen, bedeuten jeweils ein Wasserstoffatom eine sub- 
sttu.erte Oder unsubstituierte Kohlenwasserstoffgruppe, die eine ungesattigte Bindung enthaiten kann 
eine substituierte oder unsubstituierte heterocyclische Gruppe, eine Hydroxygruppe, eine substituierte 
Oxygruppe, eine Mercaptogruppe oder eine substituierte Thiogruppe; und R 20 und R 21 , die gleich oder 
verschieden sein konnen, bedeuten jeweils ein Wasserstoffatom, eine substituierte oder unsubstituierte 
Kohlenwasserstoffgruppe, die eine ungesattigte Bindung enthaiten kann, oder eine substituierte Carbo- 
nylgruppe, oder R 2 <> und R 21 konnen miteinander verbunden sein, um einen Ring zu biiden, und bedeuten 
eine Alkylengruppe mit 2 bis 8 Kohlenstoffatomen, die die Gruppen -O-, -NR 20 -, -NR 21 -, -0-CO-, -NH-CO- 
-S- und/oder -S0 2 - in der verbindenden Hauptkette des Rings enthaiten kann; 

(4) einem organischen Peroxid; 

(5) einer Thioverbindung, dargestellt durch die folgende Formel (IV): 



R "- C=s Oder r»Xsh <IV) 



R 23 bedeutet ein Wasserstoffatom oder eine substituierte oder unsubstituierte Alkylgruppe, oder R 22 und R 23 
konnen miteinander verbunden sein, so dass eine Gruppe gebildet wird, die keine Metratome enthalt und 
die erforderlich ist, um einen 5-, 6- oder 7-gliedrigen Ring zu biiden, der ein Heteroatom enthaiten kann, aus- 
gewahlt aus einem Sauerstoffatom, einem Schwefelatom und einem Stickstoffatom; 

(6) einem Hexaarylbiimidazol; 

(7) einem aromatischen Oniumsalz; und 

(8) einem Ketooximester. 



3. Photopolymerisierbare Zusammensetzung nach Anspruch 1 , wobei die additionspolymerisierbare Verbindung eine 
Verbindung mit mindestens einer endstandigen ethylenisch ungesattigten Bindung ist. 

4. Photopolymerisierbare Zusammensetzung nach Anspruch 1 , wobei der sensibilisierende Farbstoff in einer Menge 
im Bereich von 0,05 bis 30 Gewichtsteilen verwendet wird, bezogen auf 100 Gewichtsteile der additionspolyme- 
risierbaren Verbindung. 

5. Photopolymerisierbare Zusammensetzung nach Anspruch t , wobei die Titanocenverbindung in einer Menge im 
Bereich von 0,5 bis 1 00 Gewichtsteilen verwendet wird, bezogen auf 1 00 Gewichtsteile der additionspolymerisier- 
baren Verbindung. 



Revendications 



. Composition photopolymerisable comprenant un compose polymerisable par addition comportant au moins une 
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liaison double ethyieniquement insaturee, un colorant de sensibilisation represents par la formule suivante (I); 




dans laquelle 



R 1 . R 2» R 3 et R 4 sont identiques ou differents et chacun represente un atome d'hydrogene, un atome d'haloge- 
ne, un groupe alkyle substitue ou non substitue, un groupe aryle substitue ou non substitue, un groupe hydroxy, 
un groupe alcoxy substitue ou non substitue ou un groupe amino substitue ou non substitue ou R v R 2 , R 3 ou 
R 4 peuvent etre combines avec un atome de carbone dans la formule (I) pour former un cycle d'atomes non 
metalliques; 

R 5 represente un atome d'hydrogene, un groupe alkyle substitue ou non substitue, un groupe aryle substitue 

ou non substitue, un groupe heteroaromatique substitue ou non substitue, un groupe cyano, un groupe alcoxy 

substitue ou non substitue, un groupe carboxyle ou un groupe alcenyle substitue ou non substitue; 

R 6 possede les memes significations que R 5 ou represente -Z-R 5 ou Z represente un groupe carbonyle, un 

groupe sulfonyle, un groupe sulfinyle ou un groupe arylenedicarbonyle ou R 5 et R 6 peuvent etre combines 

Tun avec I'autre pour former un cycle d'atomes non metalliques; 

A represente O, S, NH ou un atome d'azote comportant un substituant; et 

B represente un groupe represente par la formule suivante: 



dans laquelle 

G 1 et G 2 sont identiques ou differents et chacun represente un atome d'hydrogene, un groupe cyano, un 
groupe alcoxycarbonyle substitue ou non substitue, un groupe aryloxycarbonyle substitue ou non subs- 
titue, un groupe acyle substitue ou non substitue, un groupe arylcarbonyle substitue ou non substitue, un 
groupe alkylthio substitue ou non substitue, un groupe arylthio substitue ou non substitue, un groupe 
alkylsulfonyie substitue ou non substitue, un groupe arylsulfonyle substitue ou non substitue ou un groupe 
fluorosulfonyle, a condition que G, et G 2 ne soient pas en meme temps un atome d'hydrogene ou G^ et 
G 2 peuvent etre combines I'un avec I'autre pour former un groupe d'atomes non metalliques avec un 
atome de carbone, 

et un compose de titanocene choisi dans le groupe constitue par le dichlorure de dicyclopentadienyl-Ti, 
le dicyclopentadienyl-71-bisphenyle, le dicyclopentadienyl-Ti-bis-2,3,4,5,6-pentafluorophen-1-yle, le dicy- 
clopentadienyl-Ti-bis-2,3,5,6-tetrafluorophen-1 -yle, le dicyclopentadienyl-Tl-bis-2,4,6-trifluorophen-1 -yle, 
le dicyclopentadienyl-Ti-bis-2,6-dif luorophen- 1 -yle, le dicyclopentadienyl-Ti-bis-2,4-dif luorophen-1 -yle, le 
dimethylcyclopentadienyl-Ti-bis-2,3,4,5,6-pentafluorophen-1-yle, le dimethylcyclopentadienyl-Tt-bis- 
2,3,5,6-tetrafluorophen-1-yle, le dimethylcyclopentadienyl-Ti-bis-2,4-difluorophen-1-yle et le bis(cyclo- 
pentadienyl)-bis(2,6-dif luoro-3-(pyr-1 -yl)phenyl)titane ou leurs combinaisons. 

Composition photopolymerisable telle que revendiquee dans la revendication 1, qui contient en outre au moins 
un compose choisi dans le groupe constitue par les composes suivants (1) a (8): 

(1) un compose comportant une liaison carbone-halogene; 

(2) un derive de cetone represente par la formule (II) suivante: 
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O R 7 

Ar-C-C-N^O W 

I. v_y 

R 



dans laquelle 



R 7 et R8 sont identiques ou differents et chacun represente un atome d'hydrogene ou un groupe alkyle 
substitue ou non substitue ou R 7 et R8 peuvent etre combines run avec ('autre pour former un cycle 
carbone avec un atome de carbone; et 

Ar represente un groupe aromatique choisi parmi les formules suivantes: 



dans lesquelles 

R». Rio, Rii Ri2 et R13 S ont identiques ou differents et chacun represente un atome d'hydrogene, 
un atome d halogene, un groupe alkyle substitue ou non substitue, un groupe alcenyle substitue ou 
non substitue. un groupe aryle substitue ou non substitue, un groupe hydroxy, un groupe alcoxy subs- 
titue ou non substitue un groupe *R», un groupe -SO-R" ou un groupe -SOfc-RW a condition 
qu au moms un des H», Rto, rii, R i2 et R i 3 repr e sent e un groupe-S-R^ ou -SOfl» dans lesquels 
Ft _ represente un groupe alkyle substitue ou non substitue, un groupe acyle substitue ou non subs- 
itue, un groupe alcenyle substitue ou non substitue ou un groupe aryle substitue ou non substitue- 
L, represente une liaison simple ou un groupe alkylfene substitue ou non substitue 
R represente un atome d'hydrogene, un groupe alkyle substitue ou non substitue ou un qrouoe 
acyle substitue ou non substitue; et 
Y represente un atome d'hydrogene ou un groupe 



O R 

II I / — \ 
— C— C-N O 

dans lequel R 7 et R8 ont les memes significations que celles decrites ci-dessus pour R 7 et R»; 
(3) un derive de cetoxime represente par la formule (III) suivante: 



R 20 R 18 R» 6 

O-R 17 m 



\ II 
N— C — C=N— O— R 17 



R^ R" 

dans laquelle 

R16 et sont identiques ou differents et chacun represente un groupe hydrocarbone substitue ou non 
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substitue, qui peut contenir une liaison insaturee ou un groupe heterocyclique substitue ou non substitue; 
R18 e t R19 sont identiques ou differents et chacun represente un atome d'hydrogene, un groupe hydro- 
carbone substitue ou non substitue qui peut contenir une liaison insaturee, un groupe heterocyclique 
substitue ou non substitue, un groupe hydroxy, un groupe oxy substitue, un groupe mercapto ou un groupe 
thio substitue; et 

R 20 et R 21 sont identiques ou differents et chacun represente un atome d'hydrogene, un groupe hydro- 
carbone substitue ou non substitue qui peut contenir une liaison insaturee ou un groupe carbonyle subs- 
titue ou R 20 et R 21 peuvent etre combines Tun avec I'autre pour former un cycle et ils representent un 
groupe alkylene ayant de 2 a 8 atomes de carbone qui peut contenir un groupe -0-, -NR 20 -, -NR 21 -, - 
0-CO-, -NH-CO-, -S- et/ou -S0 2 - dans la chaine principale de liaison du cycle; 



(4) un peroxyde organique; 

(5) un compose thio represente par la formule suivante (IV): 



R-*NH R— N 

23 I ™ 23 H TO 

R~C=S R-C— SH 

R 23 represente un atome d'hydrogene ou un groupe alkyle substitue ou non substitue ou R 22 et R 23 
peuvent etre combines Tun avec I'autre pour representor un groupe d'atomes non metalliques necessaire pour 
former un cycle a 5, 6 ou 7 chainons, qui peut contenir un heteroatome choisi parmi un atome d'oxygene, un 
atome de soucie et un atome d'azote; 

(6) un hexaarylbiimidazole; 

(7) un sel onium aromatique; et 

(8) un ester de cetoxime. 

Composition photopolymerisable telle que revendiquee dans la revendication 1 , dans laquelle le compose poly- 
merisable par addition est un compose comportant au moins une liaison ethyleniquement insaturee terminate. 

Composition photopolymerisable telle que revendiquee dans la revendication 1 , dans laquelle le colorant de sen- 
sibilisation est utilise en une quantite comprise entre 0,05 et 30 parties en masse sur la base de 100 parties en 
masse du compose polymerisable par addition. 

Composition photopolymerisable telle que revendiquee dans la revendication 1, dans laquelle le compose de 
titanocene est utilise en une quantite comprise entre 0,5 et 100 parties en masse sur la base de 100 parties en 
masse du compose polymerisable par addition. 
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